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Introduction
The basic requirement of power network is to meet the demand even in contingent state of the system. But the transmission loss incurs roughly 3% to 5% of the total power generation, which may be considered as one of the major factors in deregulated power system, i.e. loss allocation may considerably affect the competitive position of the GENCOs in the power network. Nevertheless, it seems that most of the electrical markets hardly ever reflect the transmission loss in their spot pricing due to the complicated aspects of loss allocation [1] . Earlier researchers have discussed different models for loss allocation in classical methods. It can be modeled by incremental transmission loss (ITL) coefficient [2] , physical flow-based approach [3] . Bus impedance matrix [4] or basic circuit theories [5] have been used to trace the power flow of the network during cattering the demand. Again efficient computation algorithm [6] , load flow method [7] , on line optimal power flow (OPF) tools [8] had been also introduced for ISSN: 1693-6930 TELKOMNIKA Vol. 9, No. 1, April 2011 : 1 -8 2 loss allocation. In other literature [9] genetic algorithm (GA) technique is also used for loss tracing. Although loss allocation can be ensured but still no bodies can guarantee that unexpected situations such as generator fault, line fault or tripping would not happen. In this unprecedented state, the loss allocation may change and some new technique has to be implemented to maintain system security.
For the development of the proposed technique, contingency like tripping of line has to be considered. In case of any kind of line fault of the power network, the power, which had flowed through the tripped line, should flow through other existing lines to meet consumer's expectation [10] . This causes the possibility of other line becomes overloaded or congested. Thus transmission loss during power transmission and line congestion are the most important issues for deregulated power environment, where spot price is the main consideration for consumer welfare. Hence, a transparent method for congestion relief during contingency and allocating transmission loss between all of the interested parties in an equitable and fair manner is required. There are several researches in exploiting the releasee of line overflow. Congestion of line can be managed by different way e.g. load curtailment, economic load management, VAR support [11] .
At this step, an essential and challenging task is to develop a soft computing method, which optimize the total system loss as well as generate power schedule to minimize the investment cost with out installing any external devices and to maximise the consumer welfare by avoiding any load curtailment for congestion management under deregulated environment.
In this paper, the basic concept of GA based loss optimization is laid under the OPF model where loss is function of B-coefficients for active power and C-coefficient for reactive power. With the optimised loss values, the generator contribution also has been found out through this proposed model. In the paper, an overloading index (OI) has also been proposed to find out the congested lines for any type of contingency. The generation schedule, with optimized loss also has been used to relief line overflow without load curtailment even during contingency. Through classical analysis, voltage profile has been checked with proposed generation schedule, which yields satisfactory result. Actually GA analysis helps to find out the most effective generation schedule, which has been used for congestion management along with loss optimisation of the overall system. It also assists to come to a decision that no external compensation, load curtailment is required for congestion management up to a certain limit in a deregulated power environment.
Proposed Method
In this paper, the flow of proposed method is devided in two steps. In the first step, generator contribution can be determined based on loss optimization using GA and these recontributions of generators have been used to relief the congested transmission lines during contingency in the next step.
Loss Optimization using GA
GA is a global adaptive search technique based on the mechanics of natural genetics [9] . It is applied to optimize existing solutions by using biological evolution based methods.It has many applications in certain types of problems that yield better results than the commonly used methods without any complicated classical calculation. To solve a specific problem with GA, a function known, as objective function needs to be constructed which allows different possible solutions to be evaluated. The algorithm will then take those solutions, which seem to show some activity towards a working solution.
Problem formulation considering OPF
The objective function for conventional cost optimization is as follows
where,
Congestion management using multiobjective GA (Sawan Sen) 3 But in the proposed method, the objective function considering the total active and reactive loss can be formulated as follows
P L and Q L, the active and reactive loss terms can be expressed using B and C-coefficient [12] as follows:
where
cos( ) The inequality or generator output constraints
Voltage constraint:
Problem Encoding
Each control variable is called a gene, while all control variables integrated into one vector is called a chromosome. The GA always deals with a set of chromosomes called a population. Transforming chromosomes from a population, a new population is obtained, i.e., next generation is formed. It needs three genetic operators: selection, crossover, and mutation for this purpose. 
Initialization
Usually, at the beginning of the GA optimization process, each variable gets a random value from its predefined domain. The generator power outputs have well-defined lower and upper limits, and the initialization procedure commences with these limits given by
2.1.4. Constraint functions and parent selection Implementation of a problem in a genetic algorithm is realized within the constraint function. The proposed approach uses the conventional power balance equation as its constraint which can be written as
The convergence is obtained when 1 ε for active loss and 2 ε for reactive loss less than a tolerance. Improvement of the average fitness of the population is achieved through selection of individuals as parents from the completed population. The selection is performed in such a way, that chromosomes having higher fitness are more likely to be selected as parents.
Crossover and Mutation
After the selection, GA applies a random generation to cut the strings at any position (the crossover point) and exchanges the substrings between the two chromosomes. Once the crossover is performed, the new chromosomes are added to the new population set. Mutation being another parameter, it involves randomly selecting genes within the chromosomes and assigning them random values within the corresponding predefined interval. The probability of mutation is normally kept very low, as high mutation rates could degrade the evolving process into a random search process.
Congestion Management with Re-Contribution of Generators
With the re-contribution of generators using equation (3) and (4), congested lines can be relieved during contingency. To find the contingent lines during contingency, an Overloading Index can be defined as change in power flow through a transmission line during contingency of other lines. Mathematically it can be expressed as follows mn mn mn mn
where, mn P and mn P are the active power flow through the line m-n after contingency and before contingency respectively. Higher value of this index indicates the more congested line in the power network.
Results and Discussion
The feasibility and effectiveness of the proposed method has been demonstrated in the IEEE 30 bus test system as sketched in Figure 1 . The test system and production units' properties are given in Tables 1 and 2 . For the entire simulation, logic program in GA has been employed to formulate ac power flow model. The standard parameters settings for all the simulations of the adopted GA have been depicted in Table 3 .
Through proposed optimization method, GA, the optimized values of scheduled generation for all GENCOs has been determined considering all equality and inequality constraints of optimal power flow as mentioned in (5) to (13) and by taking both active and reactive losses as objective functions. Table 4 The changes in real and reactive power contribution for all GENCOs ( Figure 2 ) are with in their specified limit as described in (11) to (12) . When a line is tripped by a sudden fault, there is a possibility of another line overflow because the power, which had flowed through the tripped line, should flow elsewhere. In these circumstances, a remedial action has to be taken to maintain the system security. The severity of the line fault depends on the amount of power, which had flowed through the tripped line. In this test, five different lines have been tripped that were chosen according to the amount of line flow considered. Table 5 shows the simulation results. For a particular line fault, five most congested lines have been found with the help of the proposed overloading index. With the calculated contribution of GENCOs (Table 4 ) using proposed optimization; congested lines can be relieved from overloading (Table 5) . A remarkable reduction in line congestion has been observed with proposed generation as compared with the generation obtained from conventional cost optimization technique. This reduction of overloading may reduce the cost of congestion which is an integral part of locational marginal price (LMP) [13] in deregulated environment of power system. The other important aspect of this proposed method is the reduction of the system operating losses during contingency. Table 6 compares the losses with original contribution TELKOMNIKA
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Congestion management using multiobjective GA (Sawan Sen) 7 (method 1) and re-contribution of GENCOs (method 2) during contingencies. As shown, the system operating losses have decreased by a considerable amount with re-contribution schedule of GENCOs. Hence, it can be stated that along with the reduction of congetion cost this proposed method can lower system operating looses and thereby the spot price of energy in deregulated environment.
The above advantages of this re-contribution schedule remains less consequent unless it has least effect on the operating conditions of the system. The voltage profiles shown in the Figures 3 to 5 for the test cases, strengthens the competency of the re-contribution schedule with respect to the normal generation schedule. During contingency the voltage profile remains least affected with the imposed schedule. It implies that without affecting the voltage, this new schedule can offer significant benefits like minimization of system losses and locational marginal prices (LMP) in terms of congestion management during contingency and in normal condition of the system. The other important advantage of calculated re-contribution schedule that has been prepared by GA by optimizing the active and reactive losses in deregulated electricity market is that it does not threaten the economic dispatch. 
Conclusion
This paper proposes a new method, which not only optimizes real and reactive power loss using GA, but also reduces congestion of transmission lines during contingency by using new schedule of generators contributions. The overloading index, proposed in this paper can efficiently trace the congested lines in contingency so that a remedial action can be taken to relief the line from congestion. In this paper, the new generation schedule obtained by the proposed loss optimisation GA model has been taken as a corrective measure for congestion management. This loss optimisation based generation schedule has been coupled with load flow to check the voltage profile of the system along with congestion management of the transmission lines during contingency. The test results show that the new schedule of generation is a powerful tool for congestion management scheme over the other schemes such as load curtailment and FACTS device inclusion.
